Melampodium divaricatum is a medicinal plant, which occurs in Central America. In a recent paper we reported the occurrence of acylated 2-hydroxy thymol glycosides as main constituents in this plant. This paper deals with the isolation of two new 2,5-dihydroxythymol ester derivatives. The formerly reported sesquiterpene lactone mikanokryptin was not found in our plant material.
Introduction
Melampodium divaricatum is a member of the Asteraceae, which is widespread throughout Central America. Its leaves are used in Guatemala for treatment of malaria and stomach pains, and the whole plant is used against influenza (Giron et al., 1991) . In Mexico embolism is treated with an infusion of the whole plant (Martinez Alfaro, 1984) and it is used as remedy for wounds, as antidysenteric and anticonvulsive, taken orally or rectally (del Amo, 1980; Morton, 1981; Martinez, 1990) .
It was reported that the terpenoid fraction of M. divaricatum contains several sesqui-and diterpenes as well as a variety of acylated 2-hydroxythymol 3-O-glycosides (Bohlmann and Le Van, 1977; Hubert and Wiemer, 1985) . The latter group of compounds, only found in M. divaricatum so far, grew by addition of twelve acylated 2-hydroxythymol 3-O-diglycosides containing fucose and quinovose as sugar moiety (Hüther et al., 1999) .
The occurrence of the sesquiterpene lactone mikanokryptin (3), reported by Herz and Kalyanaraman (1975) in plant material collected in Panama, was challenged by Seaman et al. (1980) , who could not find this compound in a collection from Costa Rica. They additionally argued that mikanokryptin is the only guaianolide found in Melampodium species and the plant material investigated by Herz and Kalyanaraman (1975) may therefore be mixed up with Mikania micrantha, which is rich in mikanokryptin . Since sesquiterpene lactones have successfully been tested 0939Ð5075/2002/1100Ð0966 $ 06.00 " 2002 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D against widespread vectors of dysentery , and different Plasmodium species causing malaria (François et al., Agtmael et al., 1999) , it was interesting to check, if such compounds and especially 3 are present in M. divaricatum.
Results and Discussion
In order to detect even the smallest quantities of mikanokryptin (3) in M. divaricatum, we firstly isolated this sesquiterpene lactone from M. micrantha collected in Mexico and proved its identity by NMR. The methanol-soluble parts of the dichloromethanic extract from M. divaricatum were then screened by GC-MS. Although no mikanokryptin was found, which confirmed the theory of Seaman et al. (1980) , we found one fraction, possibly containing unsaturated C-5 acid ester derivatives of mikanokryptin, which could be assumed from the fragment ions found in their GC-MS spectrum (see Experimental). Although the 13 C NMR spectra coincidentally showed 19 signals representing 20 carbons of a major compound 1, which could be caused by fifteen carbons of a sesquiterpene lactone plus five carbons of a unsaturated acid, it was unambiguously clear by their shift values that the isolated compound was no lactone, but an aromatic monoterpene diester. The main compound 1 was additionally accompanied by 25% impurities consistent of a similar or even isomeric compound 2. Since ten of the 20 major signals found for 1 were caused by the presence of two angelic acid ester groups (C-1ЈÐC-5Ј and C-1ЉÐC-5Љ) (Budesinsky and Saman, 1987; Joseph-Nathan et al., 1984) , the remaining 9 signals representing ten carbons identified the alcohol component as a derivative of p-cymene. The signals were assigned to three methyl carbons at δ 16.5 (C-7) and 20.6 (C-9,C-10), one aliphatic methine carbon at δ 26.07 (C-8) and six aromatic carbons at δ values between 126.1 and 146.6 (C-1ÐC-6). Only one of the latter (C-6) showed a correlation to a proton (H-6, δ 6.5 ppm) in the HMQC spectrum, the other five were found to be quartenary, three of which by oxygenation (C-2, C-3, C-5). After interpretation of the signals found in the 1 H NMR and the corresponding cross peaks found in the 2d-COSY and HMQC spectra, 1 was unambiguously identified as 2,3,5-trihydroxy derivative of the monoterpene p-cymene, esterified twice by angelic acid. However, the positions of the angelic ester groups could only be deduced from the additionally recorded long-range HMBC spectrum, which also allowed the assignment of all aromatic carbon signals. From the cross peaks found, it was clear, that the two angelic acids are attached to hydroxyl groups at C-2 and C-5 while the C-3 hydroxyl group is free.
Compound 2 only differed from 1 by the position of one ester side chain. While both compounds had one angelic acid attached to the hydroxy group at C-5, the second ester in 2 was found at C-3, as seen from its HMBC spectrum.
Both compounds are new natural compounds. The 2,3,5-trihydroxy derivatives of the monoterpene p-cymene can also be interpreted as derivatives of 2-hydroxythymol, which was found as an aglycone in several glycosides isolated from M. divaricatum. However, trihydroxylated aromatic monoterpenes have never been found as a glycoside in M. divaricatum.
The presence of the sesquiterpene lactone mikanokryptin can be ruled out in our plant material after this investigation. The identity of the Panamanian plant material containing mikanokryptin is therefore questioned again, as much as Seaman (1980) suggested after investigation of plants from Costa Rica. The only excuse could be the occurrence of a chemical race, which has not proven yet.
Material and Methods
Plant material. Melampodium divaricatum (Rich. in Pers.) DC. cv. Medallion was cultivated in the New York Botanical Garden, Bronx, NY, and collected in summer 1994 at the flowering stage. A voucher specimen was deposited at the herbarium of the Institute for Pharmaceutical Biology at the Heinrich-Heine-University of Düssel-dorf, Reg. No. 147.
Extraction and isolation. Dried and powdered aerial parts (1025 g) of M. divaricatum were extracted with CH 2 Cl 2 and the extract (43 g) macerated 5 times with 100 ml MeOH. The extract was divided into nine fractions by gel chromatography of the soluble material (21 g) with Sephadex LH-20/MeOH. Fraction 4 containing 1 and 2 was further purified by CC on silica gel using toluene/ : 3440 (OH), 1730 (CO, α, -unsaturated ester), 1645 (C = C). 
